Aim-To better understand the impact of non-English language spoken in the home on measures of cognition, language, and behavior in toddlers born extremely preterm.
INTRODUCTION
Children born extremely preterm are at increased risk for developmental and learning problems 1, 2, 3 , health impairments 4 , and early death 5 . While the pathogenesis of developmental delays in children born preterm is incompletely understood, factors in addition to medical issues, such as socio-economic disadvantage 6 , behavior problems 7 and parenting behavior 8 , have been implicated. Bilingual environment has also been associated with lower mental developmental index (MDI) scores on the Bayley Scales of Infant Development second edition (BSID-II) at 2 years of age in very low birth weight infants. 9 The newly revised Bayley Scales of Infant and Toddler Development, third edition (BSID-III), 10, 11 separates assessment of cognition from language, allowing specific exploration of the combination of prematurity and non-English speaking environment on cognition and language development.
Infant behavior and social emotional ability may be measured using the Brief Infant Toddler Social Emotional Assessment (BITSEA) . Previous studies have demonstrated that BITSEA scores indicating better social emotional functioning are associated with higher BSID language scores in toddlers born at term gestation 12 . Because social, emotional, and behavioral functioning have been linked with language ability, utilization of behavioral measures such as the BITSEA could delineate useful behavioral targets for interventions benefitting language development. This is unknown, however, because most previous studies have examined only term-born, English-speaking children. It is possible that assessment of social emotional and language ability without consideration of native language spoken in the home may limit developmental test interpretation in preterm children.
The objective of this study was to explore the relationship between primary language spoken in the home and developmental testing in areas of cognition, language, and behavior among children born extremely preterm (≤28 weeks gestation) at 18 to 22 months corrected age. Our comparison was limited to those who identified English or Spanish as the primary language spoken in the home because of the extremely small sample sizes for other languages. All children in this study were living in the United States, though some parents were immigrants from Spanish speaking countries. We hypothesized that those children who spoke Spanish as their primary language would have: (1) lower scores on the BSID-III cognitive and language scales; (2) lower scores on the Brief Infant Toddler Social Emotional Assessment (BITSEA) problem and competence scores.
METHODS

Participants
This study was an ancillary to a larger randomized trial of inborn infants born at <28 weeks gestation at the sixteen centers of the Eunice Kennedy Shriver National Institute of Child Health and Human Development Neonatal Research Network (NRN) who had a developmental evaluation at 18 to 22 months adjusted age between January 2008 and June 2009. The research was approved by the Institutional Review Boards at all sites. Primary caregivers gave informed written consent to the research prior to participation. Race and ethnicity were defined by parental report. Children were excluded if race/ethnicity data were missing, if they belonged to a racial/ethnic group with ≤ 30 children, if there were missing BSID-III scores, or if the child had a major congenital syndrome or anomaly.
Of 914 children seen in follow-up during this period, 370 were White, 356 Black, 148 Hispanic, 19 Asian, 1 Native American, and 20 had missing race and/or ethnicity. After exclusion of the racial/ethnic groups with less than 30 children and children with primary languages other than English or Spanish, 850 children remained for analysis, of whom 752 were in English speaking homes and 98 were in Spanish speaking homes. Of the 98 children with Spanish as their primary language in the home, 94 were Hispanic, 3 were White and 1 was Black (67%, 0.8% and 0.3%, of the analysis population for each ethnicity, respectively). Four children designated as Hispanic-black spoke Spanish in the home and were included in the Hispanic category rather than the black.
Developmental Scales
The Bayley Scales of Infant Development (BSID) were developed and standardized in English and remain one of the most widely used measures of development in infants and toddlers 10 . The third edition of the BSID (BSID-III) has separate scales for cognition and language, which allows separate evaluation of the impact of administering this Englishbased test on cognitive and language scores in non-English speaking children 11 .
All children were evaluated by NRN-certified examiners using the BSID-III cognitive and language scales. For children whose primary language was identified as Spanish, the BSID-III was translated and administered in Spanish by either a bilingual examiner or a certified examiner with an interpreter.
The Brief Infant Toddler Social Emotional Assessment 13 (BITSEA) is a parent-report questionnaire assessing social/emotional difficulties in children ages 12 to 36 months. Parents rate the individual questions on a Likert scale from 0 to 2 for 49 problem scale items and 11 competence scale items. Scales include measures of externalizing behaviors (activity, aggression), internalizing behaviors (inhibition, depression), dysregulation (problems sleeping, eating), maladaptive habits, fears, and competence (attention, compliance). A standardized score is obtained for the problem and competence scales. The BITSEA questionnaire was translated into Spanish, although standardization was performed with English speaking parents and their children, as with the BSID.
Statistical Analysis
Demographic characteristics of the Spanish and English speaking groups were compared using chi-square tests for categorical characteristics and t-tests for continuous characteristics. Measured outcome variables included BSID-III cognitive score, composite language score, expressive language score, receptive language score, and the BITSEA competence and problem scales. Spanish primary language was the independent variable. Both BSID-III and BITSEA scores for Spanish and English speaking groups were compared using general linear regression models with and without adjusting for medical and psychosocial factors previously shown to adversely impact neurodevelopmental outcomes in at-risk children 14, 15 . Factors included as covariates were: gestational age, small for gestational age (SGA), multiple gestation, antenatal steroid use, postnatal steroid use, Grade III or IV intraventricular hemorrhage (IVH) cystic periventricular leukomalacia (PVL), culture-proven late onset sepsis treated with greater than 5 days of antibiotics, bronchopulmonary dysplasia (BPD) defined as need for supplemental oxygen at 36 weeks gestation, visual or hearing impairment reported at 18-22 month follow up exam, adjusted age at testing, gender, maternal age, parity, primary caretaker education and birth center.
RESULTS
Demographic characteristics for the study population by primary language are presented in Table 1 . The Spanish speaking children were younger than the English speaking children, had mothers with higher parity, and had primary caretakers with less education.
The unadjusted and adjusted comparisons of the study outcomes of English and Spanish speaking children are shown in Table 2 and Figure 1 . There was no significant difference in BSID-III cognitive scores between Spanish and English-speaking children in both unadjusted or adjusted analysis. However, language scores were significantly lower for the Spanish-speaking children. These differences persisted after adjustment for medical and socio-economic factors.
Spanish-speaking children scored significantly worse on the BITSEA competence and problem scales in the unadjusted analyses. These differences were no longer significant after adjustment for medical and socio-economic covariates. When adjusting individuals for each covariate, the difference in competence scales is no longer significant after adjusting for GA, age at testing, gender, primary caregiver education or birth center. Difference in problem scale is no longer significant after adjusting for primary caregiver education (Figure 1 ).
DISCUSSION
In this study, we found that children who had Spanish as the primary language in their home had significantly lower language scores on the BSID-III than children with English as their primary language; this difference remained, even after adjustment for medical and socioeconomic covariates. In contrast, we found no significant differences in cognitive scores between English and Spanish-speaking groups. While BITSEA scores were lower for Spanish-speaking children on univariate analysis, this difference was eliminated when medical and psychosocial factors were added to the model.
To our knowledge, this is the first study examining the association of primary language with cognitive, language and behavioral outcomes of children born extremely preterm. One other study has reported significantly lower BSID-II Mental Developmental Index (MDI) scores in very low birth weight infants with bilingual parents, unexplained by socioeconomic factors 9 . Those authors hypothesized that the additional input of a second language could have negatively affected overall development, due to the demands of learning two languages; however, the separation of cognition from language on the BSID-III now allows separate evaluation of these domains. Because we found no difference in the cognitive scores, we speculate that the previously reported difference in BSID-II Mental Developmental Index for bilingual children resulted from the language items contained within the MDI score.
Although in our study significantly more of the Spanish speaking primary caretakers compared to those who spoke English did not graduate High School, cognition was not different in the two groups and differences in language development were maintained even when primary caretaker education was accounted for as a socio-economic variable. Studies of bilingual children born at term have yielded results consistent with our findings. One study found that bilingual children performed less well on language portions of neuropsychological assessments at 6 and 7 years, but comparably on tests of attention and executive function 16 . Other studies have shown that bilingual children performed better on spatial tasks 17 and tests of impulse control 18 , possibly because language is not required in those tests.
The Bayley Scales were developed and standardized in English, and there is no standardized Spanish version. Despite that, the BSID-III is translated at the time of administration and administered to children who speak different languages because there is no published nonEnglish based standardized test for this age group. Our study highlights the potential hazard of this practice for interpreting neurodevelopmental testing. We speculate that the language scale of the BSID-III is altered when administered in another language because of differences in translation, the varying Spanish dialects spoken regionally, and the Spanish language structure. For example, many words used in testing are monosyllabic in English but multi-syllabic in Spanish (e.g. "ball" versus "pelota"; "doll" versus "muñeca"). Mothers in different ethnic groups have been found to use different language and gestures to communicate with their children 19 , which may affect BSID-III language scores. Though the children were predominantly Spanish speaking, they were living in English speaking communities and the exposure to two languages could have contributed to overall language delays 20 .
BITSEA problem and competence scores were significantly different between the groups in the unadjusted analysis but not when primary caregiver education was added to the model. It is possible that education level impacted the primary caregiver's ability to understand the questions. BITSEA competence score has been found to be correlated with developmental level 13 , and this association could also be impacted by primary caregiver education which has been related to lower cognition in preterm children 1, 3 . In addition, the addition of birth center to the analysis eliminated the significant differences in the BITSEA competence scores, which might indicate that center is a proxy for SES.
One limitation of our study is the use of self-report as the method of identifying race and ethnicity. Though self-report remains one of the most reliable methods of collecting this information, 21 there still remains an unknown risk of error. In addition, although we adjusted for medical and socioeconomic factors known to affect developmental outcomes, we recognize that additional unknown confounders, such as the amount of Spanish or English used in the home, type or amount of daycare, or possibly even different attitudes of examiners toward Spanish-speaking children may have affected results. A major strength of this study is the large data set and the diverse racial and ethnic backgrounds of children in the Neonatal Research Network, which allowed us to study for the first time the impact of non-English primary language on developmental testing of children 21 born extremely preterm.
In conclusion, we found that children born extremely preterm living in non-English speaking homes performed less well on tests of language development. Although we performed this study with children born extremely preterm, the testing bias introduced by differences in primary language may well hold true in children born at term gestation, and should be studied in that population also. We urge caution in interpreting tests of development normed in English, when used with young children from non-English speaking homes. Alternate ways of measuring language skills, such as free play paradigms, could be useful 22 when assessing language development in children from non-English speaking homes. Culturally appropriate ways to evaluate children from non-English speaking homes should be further explored with the goal of providing more effective intervention strategies.
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